Zinc oxide nanoparticles (ZnO) have long been utilized as UV-protective sunscreen components due to their high durability and lower skin irritation while maintaining capability for blocking UV rays. However, the dispersal and transparency properties of ZnO need to be enhanced in order to improve the capacity for creating effective sunscreen through control of the physiochemical properties of ZnO. In this study, chitosan or niacinamide, which are suitable functional cosmetic compounds and effective skin lightening agents, are combined with ZnO for the development of better UV-protective products. Each biocompatible coating material is individually attached on its surface after the synthesis of ZnO. The size is 70 nm using the sol-gel method. Their morphology and chemical structure are characterized by FT-IR, XRD, SEM, TEM, TGA, and zeta potential. The results indicate that approximately 50% of chitosan and 5% niacinamide were coated on the ZnO. To confirm the capacity of each surfacecoated ZnO with chitosan and niacinamide as a sunscreen, we measured their transmission, reflectance, and sun protection factor (SPF) using a UV spectrophotometer and SPF. As a result, the niacinamide-coated ZnO shows remarkably lower transmission and high reflectance against UV rays than that of bare ZnO and chitosan-coated ZnO. Furthermore, niacinamidecoated ZnO exhibits great lightening effects. Consequently, these results demonstrate that niacinamide coating is highly effective for the production of sunscreen emulsions.
Introduction
Ultraviolet (UV) rays are categorized into 3 different types: UV-A (320-400 nm), UV-B (280-320 nm), and UV-C (200-290 nm). When UV rays are exposed to a 200-400 nm wavelength area of sunlight, they can cause skin diseases such as skin cancer and premature aging. Sunscreen emulsion is defined as a skin protectant against UV rays. Exposure to UV-A radiation leads to damage to the elastic and collagenic fibers of connective tissue of skin, which leads to premature aging (photoaging). Furthermore, UV-B radiation causes acute inflammation (sunburn) and intensification of photoaging [1] [2] [3] [4] [5] . Organic sunscreen absorbs UV rays and then transfers either infrared rays or heat energy. For example, benzoic acid ester types and benzophenone types such as cinnamate and p-aminobenzoic are often present in organic sunscreen. Although these organic materials have excellent sunscreen attributes, there are some disadvantages. For example, the UV wavelength protection is narrow, skin irritation is common, and effective sunburn resistance is poor [6, 7] .
When used in sunscreen emulsion, inorganic materials such as zinc oxide (ZnO) have several attributes. Inorganic sunscreen scatters UV rays with components that have a wide protective area. It has higher durability and lower skin irritation than organic materials. Due to ZnO's low refractive index compared to that of titanium dioxide (TiO 2 ), it can reduce the appearance of a white cast. As TiO 2 generates oxygen free radicals, it causes damage to skin cells and neuron cells which are harmful to the body. Furthermore, ZnO is nontoxic, has optically active attribution, and is both physically and chemically secure. It is also used in fabric, photocatalysis, and electronic industries as well as in the manufacturing of medical supplies. ZnO has a high exciton binding energy (60 meV). Also, because it has the band gap energy of 3.22 eV, ZnO can protect against the range of UV-A (320~400 nm) [2, 5, [8] [9] [10] .
Typically, in the case of metal oxide nanoparticles, the attribution is known to be size dependent. Smaller ZnO nanoparticles are more efficient at protecting against harmful UV rays. The optimal size of ZnO nanoparticles is 40-70 nm, which results in effective absorbance and high band gap energy. When the particles' sizes are smaller than 40 nm, the protective absorbance decreases and the band gap energy increases. Therefore, the particles have to be at least 40 nm in size [11] [12] [13] [14] [15] [16] [17] [18] [19] .
Although ZnO has an excellent protective effect in its nanoparticles status, there are some disadvantages. For example, it is difficult for ZnO nanoparticles to disperse, the particles are aggregative, and also the white cast the produce would be visible due to reflection of radiation. To compensate aggregation and white cast, chitosan and niacinamide (natural organic materials) are utilized to synthesize chitosan (CS)/ZnO and niacinamide (Nia)/ZnO composites.
Chitosan resulted from processing chitin with alkali, a glucosamine polymer. Chitosan is comprised of glucosamine binding, and the molecule structure of chitosan is very similar to that which is found in the human body. Furthermore, it is friendly to the body and nontoxic. It has high moisturization and dispersibility capacity, which are suitable for functional cosmetic compounds [20] [21] [22] [23] .
Niacinamide is a functional natural organic material. In the body, niacinamide is a component of nicotinamide adenine dinucleotide (NAD) (also known as coenzyme I) and nicotinamide adenine dinucleotide phosphate (NADP) (also recognized as coenzyme II). These coenzymes are involved in many intracellular oxidation-reduction reactions. As a result, niacinamide is used as an antioxidant. Niacinamide has been effective on the treatment of cutaneous hyperpigmentation. In clinical trials, the niacinamide moisturizer provides inhibition of melanosome shift from melanocytes to keratinocytes, proving to be an effective skin lightening agent [23] [24] [25] .
In this study, ZnO is synthesized to 70 nm using the solgel method in order to provide nontoxicity, boost up dispersion, and reduce a white cast. Synthesized ZnO nanoparticles were coupled with natural organic chitosan and niacinamide by modifying the surface to achieve CS/ZnO and Nia/ZnO.
The prepared chitosan-and niacinamide-associated ZnO nanoparticle compounds gave excellent UV protection activity.
Method
As a precursor, zinc oxide nanoparticles were prepared using zinc acetate. The surface of synthesized ZnO NPs was modified using either chitosan or niacinamide. Reagents for synthesis were used without a refining process. Zinc acetate dihydrate, oxalic acid dihydrate (99.5%), niacinamide, and medium molecular weight chitosan were purchased from Sigma-Aldrich, USA. The second group (acetic acid glacial (99.5%), ethyl alcohol anhydrous (99.9%), and sodium hydroxide) was purchased from Daejung Chemical, Korea.
Structural analysis of synthesized materials verified functional groups using the following analysis methods: Fourier transform infrared spectroscopy (Tendo 30 of the company, Bruker, USA), X-ray diffraction (Ultima IV X-ray diffractometer, Rigaku Corporation, USA), field-emission scanning electron microscopy energy-dispersive spectroscopy (SU-8010, Hitachi, Japan), biotransmission electron microscopy (HT 7700, Hitachi, Japan), thermogravimetric analysis (STA 6000, PerkinElmer, USA), and dynamic light scattering-zeta potential (Zetasizer Nano ZS90, USA). Transmission ratio and reflectance of synthesized materials are confirmed by ultraviolet-visible spectroscopy (Carry 4000, Varian Corporation). Sun protection factor was measured using a UV Sunscreen Analyzer (UV-2000S, Labsphere, USA).
Synthesis of Materials
2.1.1. The Synthesis of ZnO. Zinc acetate (5.01 mmol) and 300 mL ethyl alcohol are stirred at 50°C for an hour using a reflux system. Typically, the oxalic acid (14 mmol) was dissolved in 200 mL ethyl alcohol, followed by the dissolved addition of zinc acetate to the above mixture (5.01 mmol, ethyl alcohol 300 mL). The mixture was stirred at 50°C in a reflux system for 1 h. The gel of ZnO was cooled down to room temperature, and it was dried at 70°C in the oven for 20 min. Afterwards, it was sintered at 650°C for 4 h using an electric furnace [26] .
2.1.2. The Synthesis of Chitosan-Integrated ZnO. The surface of ZnO was modified into CS/ZnO by the following steps. Initially, ZnO (0.1 g) was stirred in 100 mL of 1% acetic acid solution. Later, 0.1 g of chitosan was transferred into the dissolved ZnO solution, and the combination of chitosan (0.1 g) and the dissolved ZnO was sonicated for 30 min. Next, 1 M of sodium hydroxide was added into the above mixture (pH 10). It was kept at 60°C and stirred for 3 h. Later, the gel was washed with distilled water several times and dried at 50°C for 3 hours [23].
The Synthesis of Niacinamide-Integrated
ZnO. ZnO (0.1 g) was added to ethyl alcohol (3.17 mL) and stirred at 700 rpm at 25°C for 20 min. The mixture of sodium hydroxide (0.01 g) and ethyl alcohol (0.25 mL) was added to the above solution and stirred for 20 min. It was dispersed using sonication for 30 min. The dispersed ZnO was stirred at 700 rpm at 75°C for 30 min. The mixture of niacinamide (0.25 g) and ethyl alcohol (0.32 mL) was added to the dispersed ZnO solution, and it was stirred at 700 rpm at 75°C for 3 h. The resultant solid was washed with ethyl alcohol several times and dried in a vacuum. Table 1 so as to confirm the sun protection factor (SPF) of ZnO, CS/ZnO, and Nia/ZnO. The water phases consist of dissolved sodium chloride into water at 80°C. Next, the oil phase is formulated. Olivem 900 and liquid paraffin are mixed at 80°C. This mixture is divided into three parts, with each part added to the synthesized ZnO, CS/ZnO, and Nia/ZnO, respectively, at 80°C. The water phase and oil phase were mixed, and the mixture was dispersed for 30 minutes [27] .
Evaluation of Sunscreen Emulsion Formulation. W/O emulsion was formulated based on the ratio shown in

Tyrosinase Inhibition Assay.
A variety of concentrated samples of 20 μL and 0.1 M phosphate buffer (100 μL) were mixed and reacted for 5 minutes at room temperature. 1 k unit/mℓ of tyrosinase (in 0.1 M phosphate buffer) (30 μL) and 1.5 mM tyrosine (30 μL) were mixed for 10 min at 37°C, and the enzyme reaction was proceeded. The absorbance was measured at 490 nm of wavelength after the completion of reaction. Based on the standard of the inhibition assay, 0.1 M phosphate buffer was added instead of the samples. For comparative analysis, arbutin was used as a positive control.
Cell Viability.
The culture medium consists of 10% heatinactivated fetal bovine serum, 100 units/mL penicillin, and 100 μg/mL streptomycin. The melamine cell (SK-MEL-28) was incubated with the formulated culture medium in the cell plate, then incubated at 5% of CO 2 at 37°C. The culture medium mixture and melamine cell (SK-MEL-28) were moved to the three different well plates. ZnO, CS/ZnO, and Nia/ZnO were added into each well plate. When this procedure was completed, incubated cells were moved to each well plate. After 24 hours, the culture medium was removed. Then, 100 μL of MTT (5 mg/mL in PBS) was added into the well plate at 5% of CO 2 at 37°C for 2-3 hours. This caused some of the MTT to react, thereby transforming it into a burgundy-colored formazan. Next, the excess MTT that did not react was removed. Later, DMSO was added to the for-mazan/SK-MEL-28 well plate, and the mixture was shaken for 15-20 min. 540 nm of the absorbance was measured upon analysis [28, 29] .
Results and Discussion
3.1. Characterization of CS/ZnO and Nia/ZnO 3.1.1. Fourier Transform Infrared Spectroscopy. The IR spectra of CS/ZnO were confirmed that the -OH and -NH groups displayed a stretching vibration of its bands from 3400 to 3250 cm -1 . The band at 2876 cm -1 is assigned to the asymmetric stretching vibration of the -CH group. 1650 cm -1 shows a stretching vibration of N-H while 1424 cm -1 demonstrates C-N and 1047 cm -1 indicates C-O-C of the band. As the result of the spectra, the synthesis of CS/ZnO is validated by the results (Figure 1(a) ).
The IR spectra of Nia/ZnO display both an OH peak and NH peak of the stretching vibration at 3600~3100 cm -1 band. The C-H peak of the stretching vibration reads 2850~3000 cm -1 , and the peak of C=O of the stretching vibration is displayed at 1650~1700 cm -1 . The NH peak of the stretching vibration is indicated at 1600~1650 cm -1 , and C-N of the stretching vibration reads 1335~1250 cm -1 . Therefore, the synthesis of Nia/ZnO was confirmed by FTIR analysis (Figure 1(b) ). Figure 3 (a) shows that the particle size of ZnO is 65~80 nm. The ZnO's particle shape displays the characteristics of a hexagonal structure. The ZnO analysis results using the EDS confirm the ingredients of both zinc and oxygen as shown in Table 2 . 3 Journal of Nanomaterials
The particle size of CS/ZnO is between 150 and 180 nm as indicated in Figure 3 The SEM image proves the size of Nia/ZnO between 90 and 100 nm, as indicated in Figure 3 (c). As mentioned previously, the EDS analysis confirms that zinc and oxygen combine to form ZnO. Furthermore, it was found that Nia/ZnO was coated with niacinamide, as shown in Table 2 . The results exhibited that chitosan and niacinamide are associated with ZnO. When the organic layers of chitosan are observed, many organic layers are confirmed by the TEM images, which means that the organic layers of chitosan are largely covered. In comparison, niacinamide is found to be coated as thin as the composite ratio of 5% niacinamide/95% ZnO.
Thermogravimetric Analysis. The differences between
ZnO, CS/ZnO, and Nia/ZnO confirm the organic layers as seen in Figure 4 . The purpose of conducting thermogravimetric analysis is to determine the composite ratio of organic weight loss with respect to these three materials. When the temperature of ZnO increased in thermogravimetric analysis, the weight loss was not considerable. This means that ZnO is highly stable under extreme heat, up to 1975°C. However, 5 Journal of Nanomaterials because of the water molecules present in chitosan, the CS/ZnO polymer displayed a two-phase weight loss. The first phase resulted in a weight loss of water at under 100°C. The final decline of polymer occurred at the point between 110 and 325°C. The composite ratio of chitosan and ZnO is 50/50, meaning that 50% of each sample was used. In order to confirm the ratio, the weight loss of chitosan was monitored. As a result, all of the chitosan evaporated during this process. The remaining ratio of the CS/ZnO (now just ZnO is remaining) was 50%, which confirms that the ratio was accurate. In the case of Nia/ZnO, the composite ratio of 5% Nia and 95% ZnO was used. The 5% decrease refers to the niacinamide coating which was a result of the synthesis experiment in Section 2.3. Based on the results, a small thermal change at 250°C occurred and the weight loss was observed at the end. Niacinamide was stable until it reached 235°C, but decreased in weight by 5% at 276°C. The remaining 95% consists entirely of ZnO.
The results in Figure 5 display clear comparisons between ZnO, CS/ZnO, and Nia/ZnO with regard to their weight loss under thermogravimetric analysis. Thermogravimetric analysis of ZnO shows that the weight loss of ZnO only slightly occurs at high temperatures. Furthermore, CS/ZnO exhibits significant weight loss at around 100°C until the chitosan completely disappears at 350°C. Lastly, Nia/ZnO lost all of the niacinamide, but not until it reached a heat of 276°C. Therefore, Nia/ZnO, with its lower composite ratio and higher stability under heat, is far more effective than CS/ZnO, which has a higher composite ratio and lower stability under heat. Further studies involving UV and SPF are discussed in Sections 3.1.8 and 3.1.9.
3.1.6. Dynamic Light Scattering-(DLS-) Zeta Potential Study. 3.1.7. Tyrosinase Assay Ratio. Tyrosinase stimulates the significant process of generating melanin in the skin cell. When melanin is excessively pigmented, it causes skin aging. The tyrosinase experiment that prohibits tyrosinase reaction is usually used for studies on the effects of skin lightening. Under the tyrosinase experiment, tyrosinase inhibitory activity is not measured from ZnO and CS/ZnO materials while tyrosinase inhibitory activity is accomplished from the Nia/ZnO composite and has a lightening effect. The tyrosinase inhibitory activity of Nia/ZnO is measured at different concentrations ( Figure 6 ). The higher concentration of Nia/ZnO produced more inhibitory activity increases. When the sample over 500 ppm concentration is dispersed, the dispersion of the nanoparticles did not occur. Therefore, the experiment was performed at a lower concentration than the inhibitory activity of the positive control. The positive control of tyrosinase inhibitory activity is confirmed by using arbutin. The results of the measurement demonstrate that upon increment of amount of the tyrosinase assay of Nia/ZnO, the tyrosinase inhibitory activity increases. Therefore, the lightening effects of Nia/ZnO are confirmed [30] [31] [32] [33] .
3.1.8. Ultraviolet-Visible Spectroscopy. In order to measure transmission, 0.001% of each ZnO, CS/ZnO, and Nia/ZnO sample was dispersed in distilled water. The result of this experiment shows that transmission of the synthesized materials, CS/ZnO and Nia/ZnO, is lower than the transmission of ZnO (Figure 7(a) ). The difference of transmission between the pure ZnO and CS/ZnO is 34.7%, and the difference of transmission between the pure ZnO and Nia/ZnO was 39% in the UV ray range (200-400 nm). The transmission differ-ence between CS/ZnO and Nia/ZnO was 4.3% in the same UV ray range. On the other hand, the reflectance differences between the pure ZnO, CS/ZnO, and Nia/ZnO were not significant, as shown in Figure 7 (b). The reflectance difference between ZnO and CS/ZnO is 3%, and the reflectance difference between ZnO and Nia/ZnO is 15.1% in the visible ray region. However, CS/ZnO and Nia/ZnO have 2.8% and 3% reflectance with respect to ZnO, which is lower in the UV ray region.
3.1.9. Sun Protection Factor (SPF). The sunscreen emulsions were formulated as previously described in Section 2.2. The SPF mean of each sunscreen emulsion in UV-2000 was studied as shown in Figure 8 and Table 4 . The measurement was carried out at 0 min and 15 min. As a result, the CS/ZnO and Nia/ZnO emulsions show remarkable UV ray protection efficiency compared to the ZnO emulsion. However, CS/ZnO was proven as not being able to function as an effective sunscreen emulsion for two reasons. (i) The transmission of CS/ZnO was significantly higher than that of ZnO, which means that CS/ZnO transmitted more than 90% of UV rays. (ii) Also, the SPF mean for CS/ZnO showed to be 1.18 7 Journal of Nanomaterials (15 min), which was the lowest among the three materials. Nia/ZnO, on the other hand, measured an SPF mean of 9.96 at 15 min and has a UV ray transmission of 16%, which is more efficient than that of pure ZnO.
3.1.10. Cell Viability. As ZnO, CS/ZnO, and Nia/ZnO can be used as sunscreen emulsions, it was concluded that their nanoparticles were cytotoxic to the skin using the cell viability. The cell viability of ZnO, CS/ZnO, and Nia/ZnO was tested using a specific skin cell (SK-Mel-28) [34] [35] [36] . When the concentration of nanoparticles was exposed at 100 μg/mL, more than 80% of cells survived (Figure 9 ). This concentration (100 μg/mL) is used for the nanoparticle MTT assay. The high survival rate was displayed at the highest concentration. The poison did not show a significant difference in this concentration.
Conclusion
In the present study, chitosan and niacinamide, natural organic materials, play an important role as components of functional cosmetics. They each have a skin dispersible capacity, provide high levels of moisture, and are mild to the skin. With these benefits, chitosan and niacinamide should be synthesized with ZnO nanoparticles for maximum effectiveness. Remarkably, 0.18 g of ZnO was yielded through the sol-gel method while 0.17 g of CS/ZnO and 0.08 g of Nia/ZnO were yielded in our experiments. The formation of three synthesized materials (ZnO, CS/ZnO, and Nia/ZnO) was characterized through the use of IR, XRD, FE-SEM-EDS, Bio-TEM, TGA, DLS, and zeta potential technics.
Nia/ZnO was determined to have a lightening effect as a result of the tyrosinase experiment. Also, as the concentrations of ZnO, CS/ZnO, and Nia/ZnO were high under the cell viability, the cell extinction did not display a significant difference. In terms of reflectance properties, pure ZnO did not show a significant difference compared to the UV reflectance properties of CS/ZnO and Nia/ZnO. Due to CS/ZnO and Nia/ZnO showing lower levels of UV transmission than pure ZnO, they are more efficient against UV rays. In the SPF mean study, more than 90% of CS/ZnO was transmitted through UV rays, which indicates that CS/ZnO is not as efficient as ZnO. However, the transmission of Nia/ZnO was lower than that of pure ZnO while maintaining a higher SPF mean than that of pure ZnO, resulting in Nia/ZnO being the most effective compound for sunscreen lotion. Furthermore, UV transmission and SPF experiments suggested that Nia/ZnO outperformed both ZnO and CS/ZnO. Furthermore, Nia/ZnO was the only compound to produce a lightening effect.
